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PCardiac Imaging
Application of Appropriateness Criteria
to Stress Single-Photon Emission Computed
Tomography Sestamibi Studies and Stress
Echocardiograms in an Academic Medical Center
Raymond J. Gibbons, MD, FACC,* Todd D. Miller, MD, FACC,* David Hodge, MSC,†
Lynn Urban,† Philip A. Araoz, MD,‡ Patricia Pellikka, MD, FACC,* Robert B. McCully, MD, FACC*
Rochester, Minnesota
Objectives The purpose of this study was to apply published appropriateness criteria for single-photon emission computed
tomography (SPECT) myocardial perfusion imaging (MPI) in a single academic medical center.
Background The American College of Cardiology Foundation (ACCF) and the American Society of Nuclear Cardiology (ASNC)
have developed appropriateness criteria for stress SPECT MPI to address concern about the growth in cardiac
imaging studies.
Methods We retrospectively examined 284 patients who underwent stress SPECT MPI and 298 patients who underwent
stress echocardiography before publication of these criteria.
Results The overall level of agreement in characterizing appropriateness between 2 experienced cardiovascular nurse
abstractors was modest (kappa  0.56), but noticeably poorer (kappa  0.27) for patients with previous SPECT
or echo studies. Similar percentages of each imaging modality were assigned to the 3 appropriateness catego-
ries: 64% of stress SPECT and 64% of stress echo studies were classified appropriate; 11% of stress SPECT and
9% of stress echo were of uncertain appropriateness; and 14% of stress SPECT and 18% of stress echo were
inappropriate. Of the inappropriate studies, 88% were performed for 1 of 4 indications. Approximately 10% of
the patients were unclassifiable.
Conclusions Application of existing SPECT MPI appropriateness criteria is demanding and requires an established database
or detailed data collection, as well as a number of assumptions. Fourteen percent of stress SPECT studies and
18% of stress echo studies were performed for inappropriate reasons. Quality improvement efforts directed at
reducing the number of these inappropriate studies may improve efficiency in the health care system. (J Am
Coll Cardiol 2008;51:1283–9) © 2008 by the American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.10.064c
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ohere is a growing recognition of the impending healthcare
risis in the U.S. (1). Many have argued that much of the
are currently delivered is not “efficient,” as advocated by the
nstitute of Medicine (2).
One aspect of cardiovascular care that has drawn increas-
ng scrutiny is cardiovascular imaging. Both the MedPAC
ommission and other third-party payers have expressed
oncern about rapid rates of growth in these services (3). A
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ents of Medicine and Radiology. Dr. Gibbons has received a research grant from
ing Pharmaceuticals, but it is not for support of this study. Dr. Miller has received
research grant from Bristol-Myers Squibb, but it is not for support of this study.c
Manuscript received July 16, 2007; revised manuscript received September 27,
007, accepted October 23, 2007.ross-sectional, population-based study of Medicare pa-
ients from 1993 to 2001 (4) demonstrated a 6.1% average
nnual increase in cardiovascular imaging stress tests, com-
ared with 2.0% for cardiac catheterization, 0.8% for per-
utaneous coronary intervention (PCI), and 0.1% for acute
yocardial infarction.
See page 1290
The American College of Cardiology Foundation
ACCF) initiated an effort to develop appropriateness
riteria for imaging studies in early 2005. Using a modifi-
ation of the RAND/UCLA method (5), the ACCF and
merican Society of Nuclear Cardiology (ASNC) devel-
ped appropriateness criteria for single-photon emission
omputed tomography (SPECT) myocardial perfusion im-
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Application of Appropriateness Criteria April 1, 2008:1283–9aging (MPI) (6). The American
Heart Association has officially
supported the development of
appropriateness criteria and en-
dorsed the ACCF/ASNC crite-
ria for SPECT MPI (7).
Unlike the original RAND/
UCLA approach (8), which
covered thousands of individual
patient situations, the pub-
lished ACCF/ASNC criteria
for SPECT MPI only describe
52 specific patient indications,
divided into 9 tables (6). Five of
the indications address rest
SPECT MPI, viability, or ven-
tricular function. The present
study was focused on the 47
ndications in 7 tables related to stress SPECT MPI.
The specific aims of this study were to examine the
xisting stress imaging studies (echocardiography and
PECT) performed in clinical practice in 1 academic
edical center to determine the following:
. How many of the studies performed at Mayo Clinic
Rochester (before publication of the ACCF/ASNC
criteria) were appropriate, uncertain, or inappropriate
according to the ACCF/ASNC criteria?
. What percentage of patients were not included in the
existing ACCF/ASNC appropriateness criteria?
ethods
verall strategy. Although the ACCF/ASNC appropriate-
ess criteria were developed for SPECT MPI, we decided to
pply them more broadly to both stress SPECT MPI and
tress echocardiography in our practice. Although the ACCF
as announced plans to develop criteria for stress echocardiog-
aphy, these had not yet been published at the time of this
tudy. Since the existing American College of Cardiology/
merican Heart Association (ACC/AHA) guidelines have
imilar recommendations for stress SPECT MPI and stress
chocardiography, we anticipated that the appropriateness
riteria for stress echocardiography would be very similar to
hose for stress SPECT MPI. We felt that simultaneous
ollection of appropriateness data from both the Mayo nuclear
ardiology and echocardiography laboratories was necessary to
btain a broader cross section of the use of stress imaging
rocedures in our institution for comparison to the published
edicare data (4), which does not distinguish between stress
PECT and stress echocardiography studies. The application
f the criteria to both laboratories would also avoid preferential
shunting” of patients eligible for stress imaging studies be-
ween nuclear cardiology and echocardiography as ordering
hysicians in our institution became aware of this study. Such
hunting would potentially confound any meaningful
Abbreviations
and Acronyms
ACC/AHA  American
College of Cardiology/
American Heart Association
ACCF  American College
of Cardiology Foundation
ASNC  American Society
of Nuclear Cardiology
CI  confidence interval
MPI  myocardial perfusion
imaging
PCI  percutaneous
coronary intervention
SPECT  single-photon
emission computed
tomographyollow-up studies to assess a change in ordering patterns afternternal dissemination of the results of this study within the
ayo Clinic.
atabases. Both the Mayo Nuclear Cardiology and Echo-
ardiography Laboratories maintain prospective electronic
atabases on all patients undergoing these stress imaging
rocedures, which capture similar but not identical ele-
ents. Symptoms recorded at the time of testing include
hest pain and dyspnea. Chest pain is categorized as typical
ngina, atypical angina, or noncardiac chest pain according
o the criteria of Diamond (9). Both databases have been
sed in previously published studies (10,11).
ilot study. Because the application of these criteria to our
atabases had not been tested, we elected to do a pilot
roject consisting of a single day of tests from both
aboratories from the month of January 2005. All 5 physi-
ians participating in the project, as well as 2 experienced
ardiovascular nurse abstracters (neither of whom worked in
ither laboratory), independently reviewed these 50 test
atients and attempted to apply the appropriateness criteria.
meeting of all 7 participants was then held to review this
xperience, assess discrepancies, and identify potential ob-
tacles to consistent application of the criteria. We sought to
se the existing nuclear cardiology and echocardiography
atabases wherever possible to limit the resources needed for
ompletion of the project. We consulted each patient’s
ayo electronic medical record only when information
ecessary to apply a specific appropriateness indication was
ot recorded in the existing database. Elements that required
onsultation of the Mayo record included the specific type of
urgery planned and the clinical assessment of the patient’s
xercise capacity for patients undergoing pre-operative assess-
ent for noncardiac surgery, and recent cholesterol values to
alculate the patient’s Framingham risk score.
ssumptions. We also found that a number of assump-
ions were required to subsequently apply the appropriate-
ess criteria in a standardized, accurate manner.
. Patients who were symptomatic with dyspnea rather
than chest pain were regarded as symptomatic and
having “atypical angina” for determining pre-test prob-
ability of coronary artery disease. The appendix to the
ACCF/ASNC appropriateness criteria document spe-
cifically included dyspnea in the description of a chest
pain syndrome.
. We calculated the Framingham score that is appropriate
to determine the future risk of hard cardiac events (12),
and not the score that incorporates subsequent angina as
an event (13). Any patient already on a statin for
hyperlipidemia was imputed to have a value of 2 for
the low-density cholesterol component of the score.
. The patient’s exercise tolerance was classified on the
basis of a “best estimate” from the clinical notes, as the
patient’s exercise tolerance in estimated metabolic
equivalents (14) was not commonly specified.
. Surgical procedures that were not listed among the
examples in the ACC/AHA pre-operative testing
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April 1, 2008:1283–9 Application of Appropriateness Criteriaguidelines (14) (e.g., endoscopic inguinal hernia repair)
were generally regarded as “low risk.”
. Some indications within the same table of the ACCF/
ASNC appropriateness criteria were not mutually ex-
clusive. For example, an intermediate-risk patient with
normal exercise tolerance undergoing intermediate-risk
surgery could be assigned to either indication 32 (inap-
propriate) or 33 (appropriate) in the ACCF/ASNC
appropriateness document. These patients were re-
garded as unclassified.
. Only the most recent revascularization procedure was
considered if the patient had previously undergone more
than 1 procedure. For example, for a patient who had
bypass surgery 6 years ago and PCI 2 years ago, the PCI
was used to establish the indication for stress imaging.
. For multiple tables of the appropriateness document,
the pilot demonstrated that a single patient could
potentially be considered under multiple different indi-
cations. For example, a patient with a high-risk Fra-
mingham score who was asymptomatic 6 months after
PCI for treatment of symptoms could be considered
under 2 different categories—asymptomatic (and then
classified as appropriate) or previous revascularization
(and then classified as inappropriate). We felt that the
appropriateness criteria tables in the ACCF/ASNC
document should be considered in the order outlined
in Table 1 to best reflect clinical decision making and
appropriate test utilization. The final patient classifi-
cation would be the first applicable category in this
sequence. Using this approach, the patient cited in
the example was, therefore, labeled inappropriate.
inal study group. The final study group consisted of all
atients who underwent stress SPECT sestamibi studies
nd stress echocardiograms at Mayo Clinic Rochester from
ay 1, 2005 to May 15, 2005 (before the publication of the
CCF/ASNC criteria). Exclusions were as follows:
. Patients who did not grant research authorization in
accordance with Minnesota state law. There were 6
SPECT patients and 11 echocardiogram patients ex-
cluded for this reason.
rioritization of Tables from ACCF/ASNCpp opriate ess Criteria for SPECT MPI
Table 1 Prioritization of Tables from ACCF/ASNCAppropriateness Criteria for SPECT MPI
Order
Appropriateness
Table No. Patient Group
1 7 Post-revascularization
2 5 Pre-operative evaluation
3 6 Post-ACS/MI
4 4 Prior test results
5 1 Symptomatic
6 2, 3 Asymptomatic
CCF/ASNC  American College of Cardiology Foundation/American Society of Nuclear Cardiol-
gy; ACS  acute coronary syndromes; MI  myocardial infarction; MPI  myocardial perfusion
maging; SPECT  single-photon emission computed tomography.. Patients who underwent testing at off-site locations as
part of Mayo outreach programs.
. Patients who underwent stress echo hemodynamic stud-
ies for the assessment of valvular heart disease.
atient classification. Each patient was classified indepen-
ently by 2 experienced cardiovascular nurse abstracters into
of the following possibilities:
. The patient did not qualify under any of the existing 47
indications. Such patients were considered unclassified.
. The patient qualified under 1 of the existing indications,
and the appropriateness of his/her study could be
established. The patient was then classified as appropri-
ate, uncertain, or inappropriate.
If the 2 nurse assessments agreed, the classification was
nal. If they did not, discrepancies were settled by the
Figure 1 Appropriateness: Table Designation
Indications for testing of 284 stress single-photon emission computed tomography
(SPECT) myocardial perfusion imaging and 298 stress echocardiograms (echos)
according to the American College of Cardiology Foundation/American Society of
Nuclear Cardiology appropriateness criteria for SPECT myocardial perfusion imag-
ing. These were significant differences between SPECT myocardial perfusion imag-
ing and stress echo. MI  myocardial infarction; Preop  pre-operative.
atient Characteristics
Table 2 Patient Characteristics
SPECT
(n  284)
Stress Echo
(n  298)
Age (yrs) 67  11 66  13
Women* 37% 48%
Diabetes 27% 20%
Hypertension* 71% 60%
Hyperlipidemia* 78% 66%
Smoking history 48% 54%
Prior MI* 20% 11%
Prior PCI or CABG* 34% 20%
Chest pain history 39% 36%
Dyspnea* 20% 38%
Rest ECG normal* 31% 41%
BMI 30 kg/m2* 41% 33%
p  0.05.
BMI  body mass index; CABG  coronary artery bypass grafting; ECG  electrocardiogram;
CI  percutaneous coronary intervention; other abbreviations as in Table 1.
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Application of Appropriateness Criteria April 1, 2008:1283–9onsensus of 2 staff physicians, 1 from the nuclear
ardiology laboratory (R.J.G.) and 1 from the echocardi-
graphy laboratory (R.B.M.). The results that follow
epresent the final classification. There was little difficulty
n defining the “broad indication” for the test, such as
revious coronary revascularization, which assigned the
atient to a specific tablet. Linking the patient informa-
ion with a specific indication within each table was the
ource of disagreement.
tatistical analysis. Agreement in the classification of the
ndications were compared between the 2 nurses using
appa statistics. Comparisons of categorical factors were
ompleted using the chi-square test for independence.
The study was approved by the Mayo Institutional
eview Board.
esults
eneral. There were 284 eligible stress SPECT MPI
atients and 298 eligible stress echocardiography patients
tudied between May 1, 2005 and May 15, 2005. Their
emographics are shown in Table 2. The patients undergo-
ng stress SPECT MPI were more likely to be men, and
ore likely to have hypertension, hyperlipidemia, prior
yocardial infarction, prior revascularization, and obesity.
tress echocardiography patients were more likely to have
yspnea as their presenting symptom and to have a normal
esting electrocardiogram (ECG).
greement Between 2 Cardiovascular Nursebstractors on Ov rall Patient Classific tion (n  582)
Table 3 Agreement Between 2 Cardiovascular NurseAbstractors on Overall Patient Classification (n  582)
Nurse #2
Nurse #1
Unclassified Appropriate Uncertain Inappropriate
Unclassified 16 3 0 3
Appropriate 24 325 14 34
Uncertain 6 15 7 61
Inappropriate 16 8 42 8
appa  0.56.
lassification of Stress SPECT and Stress Echo Patients, Accordin
Table 4 Classification of Stress SPECT and Stress Echo Patien
Appropriateness
Criteria Table Description
SPECT (S)
Echo (E) n
7 Prior revascularization S 97
E 64
5 Pre-operative S 16
E 61
6 Recent MI/ACS S 2
E 0
4 Prior test S 56
E 21
1 Symptomatic S 72
E 108
2/3 Asymptomatic S 41
E 44SPECT versus echo.
Abbreviations as in Table 1.ndication for testing. The indications for testing, catego-
ized for the stress SPECT MPI and stress echo patients
sing the sequential approach described in the Methods
ection, are shown in Figure 1. There were significant
ifferences in the indications for testing between the stress
PECT and stress echo patients. Stress SPECT patients
ere more likely to be referred for follow-up testing
ost-revascularization (Table 7 of the appropriateness cri-
eria) and for follow-up testing after prior SPECT testing
Table 4 of the appropriateness criteria). In contrast, stress
cho patients were more likely to be referred for pre-
perative assessment before noncardiac surgery (Table 5 of
he appropriateness criteria) and for the assessment of
ymptoms (Table 1 of the appropriateness criteria). Very
ew patients were referred for risk assessment after acute
oronary syndromes (Table 6 of the appropriateness crite-
ia). A similar percentage (14% to 15%) of both groups were
symptomatic patients without other indications, who were
eing screened for suspected coronary artery disease.
bserver agreement. The agreement between the 2 nurses
s shown in Table 3. The overall level of agreement was
odest with a kappa of 0.56. There was little difference
etween the stress SPECT patients (kappa  0.58) and the
tress echo patients (kappa  0.54). However, the level of
greement was much poorer for patients who were referred
or follow-up testing (Table 4) (kappa  0.27) compared
ith all the other tables in the ACCF/ASNC document
ombined (kappa  0.60). The lower rate of agreement for
hese patients reflected the difficulty of applying the listed
ndications, and required subjective judgments, which we
id not appreciate during our pilot study. For example,
hould a SPECT MPI study performed 17 months after a
ormal SPECT MPI study in a stable patient be considered
annual?” This group also accounted for most (72%) of the
nclassified patients, because of the obvious “gaps” between
he indications. For example, indication #27 applies to
atients with a previous coronary calcium score of100 and
ndication #28 applies to patients with a previous coronary
able of Indications in Appropriateness Criteria
ccording to Table of Indications in Appropriateness Criteria
ssified Appropriate Uncertain Inappropriate p Value*
1 71 20 5 0.02
6 46 12 0
0 10 0 6 0.25
7 29 6 19
1 1 0 0 —
0 0 0 0
8 23 0 5 0.36
4 5 0 2
1 65 1 5 0.38
0 101 0 7
0 12 9 20 0.73
0 10 9 25g to T
ts, A
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April 1, 2008:1283–9 Application of Appropriateness Criteriaalcium score of 400, but there is no indication for
atients with a calcium score between 100 and 400.
verall appropriateness. The overall classification of the
tress SPECT studies and stress echo studies is shown in
igure 2. Eleven percent (95% confidence interval [CI] 8%
o 15%) of the stress SPECT patients and 9% (95% CI 6%
o 13%) of the stress echo patients were unclassifiable. The
ame percentage of the 2 groups was appropriate 64% (95%
I 58% to 70%) for stress SPECT and 64% (95% CI 58%
o 70%) for stress echo. A similar percentage of both patient
roups were of uncertain appropriateness 11% (95% CI 7%
o 15%) for stress SPECT, 9% (95% CI 6% to 13%) for
tress echo. Fourteen percent (95% CI 11% to 19%) of stress
PECT studies and 18% (95% CI 14% to 23%) of stress
cho studies were inappropriate.
ppropriateness by indication for testing. The classifica-
ion of both stress SPECT patients and stress echo patients
y the indication for testing, as defined by the tables of the
ppropriateness criteria, is shown in Table 4. The classifi-
ation of patients falling under all but one of the tables of
ndications was similar for both stress SPECT and stress
Figure 2 Appropriateness: Results
Overall classification of the stress SPECT and stress echo studies according to
the American College of Cardiology Foundation/American Society of Nuclear
Cardiology appropriateness criteria for stress SPECT myocardial perfusion
imaging. Abbreviations as in Figure 1.
nappropriate Studies for Stress SPECT and Stress Echo by Approp
Table 5 Inappropriate Studies for Stress SPECT and Stress Ech
Appropriateness
Table No. Indication Description
2 10 Asymptomatic, low risk
5 32 Pre-operative, intermediate-risk su
Good exercise capacity
1 1 Symptomatic low pre-test probabil
Interpretable ECG, able to exercise
5 31 Pre-operative, low-risk surgery
4 23 Recent abnormal SPECT, stable sy
4 28 Coronary calcium score 100
7 47 Asymptomatic 1 year after PCI w
Total
PECT  single-photon emission computed tomography; other abbreviations as in Table 2.acho patients. There was a significant difference between the
tress SPECT patients and the stress echo patients for
revious revascularization (Table 7 of the indications),
here more echo patients were unclassified (6 vs. 1 for
PECT) and more SPECT patients were inappropriate (5 vs.
 for echo), but these differences involved only small
umbers of patients.
nappropriate studies. The inappropriate studies for either
tress SPECT or stress echo are tabulated in Table 5
ccording to the indications for testing defined in the
ppropriateness criteria. Almost one-half of the inappropri-
te tests (48%) were asymptomatic patients with a low-risk
ramingham score who were referred for testing to screen
or coronary artery disease. The second largest group of
nappropriate tests (17%) was performed in patients who
ere under consideration for intermediate-risk surgery who
ad good exercise capacity and no or minor risk predictors.
he third sizable group of inappropriate patients (13%) was
ymptomatic patients with chest pain who had a low
re-test probability, an interpretable ECG, and were able to
xercise. The final sizable group (10%) was patients under
onsideration for low-risk noncardiac surgery.
iscussion
his study represents one of the first attempts to apply the
ecently published ACCF/ASNC appropriateness criteria
or SPECT perfusion imaging to current clinical practice in
n academic medical center. Our experience suggests that
he application of these criteria will require an established
atabase or detailed data collection, as well as a number of
ssumptions, which were described in the preceding text.
road application of the criteria to general clinical practice
s certainly desirable, but likely will be very difficult. The
CCF/ASNC appropriateness criteria were not intended to
over all possible clinical indications, and thereby differ
oticeably from the previous RAND/UCLA criteria. Our
esults suggest that the ACCF/ASNC appropriateness cri-
eria apply to approximately 90% of current stress imaging
atients in our center. Omissions from the criteria, as well as
ess Table and Specific Indication
Appropriateness Table and Specific Indication
Stress SPECT Stress Echo Total %
20 25 45 (48)
4 12 16 (17)
5 7 12 (13)
2 7 9 (10)
s 5 1 6 (6)
0 1 1 (1)
or symptoms 5 0 5 (5)
94 (100)riaten
o by
rgery
ity
mptom
ith primbiguities, leave 9% to 11% of patients unclassified.
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Application of Appropriateness Criteria April 1, 2008:1283–9urther refinements in the criteria, particularly to the
ndications for follow-up testing, can be expected to reduce
his number. Potential suggestions would include elimina-
ion of the overlap between indication 32 and 33, addition
f an indication for prior calcium scores between 100 and
00, and addition of indications for repeat testing in
atients who are not high risk by Framingham score and
ave normal initial studies. In May 2005, before publication
f these criteria, 14% of stress SPECT studies and 18% of
tress echo studies in our institution were for inappropriate
ndications, and another 11% of stress SPECT studies and
% of stress echo studies were for indications of uncertain
ppropriateness. These results suggest room for improve-
ent in selection of patients for stress cardiac imaging to
mprove efficiency in our medical system.
Despite different baseline clinical characteristics, and a
ifferent distribution of indications, the overall results with
espect to appropriateness were quite similar for stress
PECT studies and stress echo studies in our institution. In
lmost all cases, these studies were ordered by members of
he Mayo Clinic Rochester staff. Although individual staff
hysicians may preferentially refer their patients to stress
PECT studies or stress echo studies, our results suggest
hat their overall clinical judgment in ordering stress imag-
ng studies is similar. The similar results between the 2
aboratories may also reflect the fact that the overall patient
opulation on which the studies are ordered comes from the
ame institution. All of the major findings reported in this
tudy require confirmation in other academic medical cen-
ers, as well as nonacademic settings. The unexplained
ractice variation in the utilization of medical procedures,
ncluding SPECT imaging, has been well documented by
Figure 3 Flow Diagram Showing the Potential Identification of
Studies at the “Point of Ordering” With Collection of
For example, if any one of the 3 indications in the first line was present, collection
then identify the inappropriate studies shown in the left-hand boxes. ACS  acute
myocardial infarction.he Dartmouth Healthcare Atlas for many years (15). We
ould, therefore, expect that the findings of similar studies
erformed in different locations may be very different.
The inappropriate studies in our stress imaging practice were
estricted to only a few patient indications. Of the 13 inappro-
riate indications listed in the original ACCF/ASNC criteria,
nly 7 occurred in our study, and 4 of the 7 accounted for 88%
f all the inappropriate studies. The 4 inappropriate indications
re well established in previous guidelines and scientific state-
ents. Previous ACC/AHA guidelines for SPECT and echo
o not recommend stress imaging in low-risk asymptomatic
ndividuals. The ACC/AHA guideline for pre-operative car-
iovascular evaluation recommends against stress testing before
ow-risk surgery, or before intermediate-risk surgery in patients
ith good exercise tolerance and no or minor risk predictors.
he ACC/AHA guideline for stable angina recommends
gainst stress imaging in patients with a normal ECG who are
ble to exercise. This suggests great potential for improvement
n our center, as an educational effort directed toward ordering
hysicians need focus only on a few specific situations with
trong support in existing guidelines. It is our intent to perform
ollow-up studies in our institution after such an effort.
The difficulty that we encountered in applying the ap-
ropriateness criteria was considerably greater than we first
nticipated. The results of the pilot study were surprising to
he 5 participating physicians and 2 participating nurses.
sing our existing databases wherever possible, the multiple
ssumptions outlined in the preceding text, and 2 experi-
nced cardiovascular nurse abstracters, our results were
odestly consistent, with a kappa value of 0.56 for agree-
ent between the 2 nurses. (The level of agreement was
oticeably poorer for patients undergoing follow-up test-
of the Inappropriate
ited Number of Data Elements
stop. In contrast, if the study was for pre-operative evaluation, collection would
ary syndromes; CHD  coronary heart disease; ECG  electrocardiogram; MI Most
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April 1, 2008:1283–9 Application of Appropriateness Criteriang.) Efforts to apply these criteria without all of these key
omponents may lead to less consistent and reproducible
esults. Additional training of our experienced nurses may
ave improved the level of agreement between them, but
uch extensive training is unlikely in the “real-world” appli-
ation of these criteria. Our existing laboratory databases
equire extensive data collection at “point of service.” Our
lectronic medical record provided the necessary supple-
ental data from “point of ordering.” Further real-world
pplication will be necessary to determine whether a “point
f service” or “point of ordering” approach is best. If, however,
ur results can be confirmed in other studies, and the
rimary goal of applying appropriateness criteria is quality
mprovement through the elimination of inappropriate
tudies, our results suggest that this could potentially be
chieved at the “point of ordering” with collection of a
imited number of data elements (Fig. 3).
tudy limitations. The major limitation of this study is
ts performance at a single academic medical center. All
f the ordering physicians, and the stress laboratory
hysicians, were salaried Mayo staff physicians who,
herefore, had no direct financial incentive for the per-
ormance of additional tests and no financial interest in
he imaging equipment. The assumptions that we made
n applying these criteria may not be accepted by others.
n particular, third-party payers, who have been reluctant
o reimburse stress imaging studies performed for an
ndication of dyspnea, may question the assignment of
uch patients to “atypical angina.” However, there are
ow published studies for both stress SPECT (16) and
tress echo (17) showing their utility in the assessment of
yspnea. Our application of stress SPECT criteria to
tress echo studies is also a potential limitation. We await
he ACCF appropriateness criteria for stress echocardi-
graphy with interest. However, we felt that this ap-
roach would give us a broader assessment of stress
maging studies in our institution to relate to the pub-
ished Medicare data (4) and avoid preferential shunting
f patients to a different laboratory, which would con-
ound our future attempts to demonstrate improvement.
e only studied 2 weeks of patients owing to the
xtensive effort required, but the 95% CIs for our
stimates are acceptable. Finally, as in many evaluations
f quality of care, incomplete documentation may explain
ome of the inappropriate studies.
onclusions
his study demonstrates the application of appropriateness
riteria to attempt quality improvement in the clinical use of
tress cardiac imaging. We encourage others to perform similar
tudies in their own institutions, hospitals, and practices. Such
fforts are only a first step toward the ultimate goal of quality
mprovement in this area (i.e., to improve the appropriateness
f stress imaging studies) and thereby contribute to increased
fficiency in our healthcare system.cknowledgments
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